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INTEGRATED CIRCUIT DEVICES AND METHODS EMPLOYING 
AMORPHOUS SILICON CARBIDE RESISTOR MATERIALS 
Background of the Invention 

The present application relates to integrated circuit devices and methods which employ amorphous silic* 
carbide resistor materials, including field emission devices, as well as methods for fabricating and using 
the foregoing. 

The development of high density integrated circuit technology has been limited by the inability to provi< 
suitable materials for integrated circuit resistor elements. Such materials typically must possess the abili 
to withstand intense electric fields without suffering breakdown, since their dimensions are so small. 

Moreover, the small size of these components requires high, tunable resistivity in order to achieve usefu 
component resistances in many applications. 

One promising application for integrated circuit technology is in the fabrication of flat panel displays th; 
employ cold cathode field emission. 

Efforts to develop such devices have sought to utilize a large number of microtip emitters in each displa 
pixel to achieve useful field emission current levels. But shorts, which can occur between some of the 
emitters and the gate can make the device inoperable. Variations in emitter geometries and in surface 
chemical properties can result in non-uniform field emission and varying brightness across the display. ] 
has been proposed to insert a resistor layer between the microtip emitters and their current source 
(normally a cathode electrode) to overcome these problems. 

A key to the successful development of such flat panel field emission displays, therefore, is the 
development of a resistor material having sufficiently high resistivity and capable of withstanding the 
intense electric fields which arise when breakdown occurs at the microtip emitters. 

High speed, high density static RAM applications require the fabrication of integrated circuit resistor 
elements of very small dimensions, and consequently, require materials having high resistivity and the 
capability to withstand intense electrical fields. Similar requirements exist in other integrated circuit 
applications in which resistor elements are useful. 

For a material to be suitable for this application, it should be possible to form electrical contacts with th< 
material readily and the resistor material must be compatible with other materials used in fabricating the 
device. For example, the material should not react with other materials in the device. 

The cost of device fabrication is another very important consideration. Materials which require high 
fabrication temperatures typically are undesirable since this limits the choice of compatible materials 
which can withstand such high temperatures without an undesirable change in their properties. In the ca 
of flat panel field emission displays, low temperature processing is desirable to permit the use of less 
expensive substrates. 

At the same time, the resistor material should form a highly uniform film when it is deposited at such lo 
temperatures. Another important consideration is the ability to selectively etch the materials to achieve 1 
desired structure. 
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vet another important consideration is that a suitable resistor material should have characteristics which 
either do not change after deposition as a result of further cathode processing, or else change in a limitec 
and predictable way. Likewise, over time as the device is used repeatedly, the characteristics of the resis 
material should either remain the same or change in a limited and predictable fashion. 

While silicon has been proposed for use as such a resistor material, it is impractical to fabricate silicon 
resistor layers possessing sufficiently high resistivity for many applications. To achieve high resistivity : 
silicon, it is necessary to deposit this material in a very pure form which substantially increases fabricati 
cost. 

It has been proposed to use cermet materials for use as resistor layers in flat panel field emission device: 
However, it has proven very difficult to provide cermet resistor layers having sufficiently high resistanc 
as well as to select a desired resistance of such materials through doping. The resistivity of cermet also 
changes with thermal cycling and it is difficult to deposit and etch this material uniformly. Moreover, 
cermet has a grain structure that leads to uneven contact with the microtip emitters of the device and 
consequently, affects the resistances between the emitters and cathode electrode uncontrollably. This le* 
to uneven resistance values which result in nonuniform emission among the emitters. 

Amorphous materials lacking such a grain structure do not share this drawback, and they are readily 
fabricated and processed. However, amorphous materials are thought to be unstable, tending to change 
their properties substantially over time or as a result of further processing after layer formation. 
Amorphous silicon with hydrogen added can have a suitably high resistivity, but hydrogen gas evolutioi 
can cause problems in amorphous materials processed at higher temperatures since it results in changes 
material properties, and in some cases can form gas bubbles which disrupt the material. 

Objects and Summary of the Invention 

It is an object of the present invention to provide integrated circuit devices incorporating resistor materij 
having high resistivity and capable of withstanding high electric fields, as well as methods for fabricatin 
and using the same. 

It is a further object of the present invention to provide such devices and methods of fabricating the sam 
which are inexpensive to implement. 

It is a further object of the present invention to provide such devices which operate over long periods of 
time and despite repeated use, without substantial degradation in their operating characteristics. 

It is yet another object of the present invention to provide flat panel field emission devices which emplo 
resistor layers to achieve uniform field emission across the display and which are operable without 
substantial risk of destruction due to breakdown. 

In accordance with one aspect of the present invention, a field emission device is provided having a 
resistor element which comprises amorphousSix Clx whereinO < x < 1, and wherein theSi,Cl„ 
incorporates at least one impurity selected from the group consisting of hydrogen, halogens, nitrogen, 
oxygen, sulphur, selenium, transition metals, boron, aluminum, phosphorus, gallium, arsenic, lithium, 
beryllium, sodium and magnesium. 

In accordance with another aspect of the present invention, a method of making a field emission device 
provided comprising forming a resistor element on a substrate, the resistor element comprising 
amorphousSI,Cl„ whereinO < x < 1 and the amorphousSixC 1-x incorporates at least one impurity selec 
from the group consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, 
boron, aluminum, phosphorus, gallium, arsenic, lithium, beryllium, sodium and magnesium, and formin 
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at least one electron emitting structure on the substrate coupled with the resistor element. 

In accordance with a further aspect of the present invention, a method of emitting electrons from a field 
emission device is provided comprising: providing a field emission device mounted on a substrate wher 
the field emission device comprises at least one electron emitting structure and a resistor element coupk 
with the emitting structure; and applying an electric field to the emitting structure such that electric curr« 
is conducted through the resistor element to the emitting structure and electrons are emitted therefrom, 
wherein the resistor element comprises amorphousSi,Cl-x wherein 

O < x < 1 and theSixC 1-x incorporates at least one impurity selected from the group consisting of 
hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, aluminum, phosphor 
gallium, arsenic, lithium, beryllium, sodium and magnesium. 

In accordance with yet another aspect of the present invention, an integrated circuit is provided compris 
a substrate, a resistor layer comprising amorphousSi,Cl„ whereinO < x < 1, wherein theSi,Cl-x 
incorporates at least one impurity selected from the group consisting of hydrogen, halogens, nitrogen, 
oxygen, sulphur, selenium, transition metals, boron, aluminum, phosphorus, gallium, arsenic, lithium, 
beryllium, sodium and magnesium, and a current conducting layer, the resistor layer having a first regio 
of first resistivity contiguous with the current conducting layer and a second region of second resistivity 
higher than the first resistivity and contiguous with the first region, the second region being spaced froir 
the current conducting layer by the first region, a first one of the resistor layer and the current conductin 
layer being on the substrate and a second one of the resistor layer and the current conducting layer bein£ 
on the first one thereof. 

In accordance with a still further aspect of the present invention, a method of making an integrated circi 
comprises providing a substrate, forming a first layer on the substrate, and forming a second layer on th< 
first layer, a first one of the first and second layers comprising a resistor layer comprising amorphousSb 
1-x wherein O < x < 1, wherein theSixCl~x incorporates at least one impurity selected from the group 
consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, alumini 
phosphorus, gallium, arsenic, lithium, beryllium, sodium and magnesium, and a second one of the first i 
second layers comprises a current conducting layer, the resistor layer having a first region of first 
resistivity contiguous with the current conducting layer and a second region of second resistivity higher 
than the first resistivity and contiguous with the first region, the second region being spaced from the 
current conducting layer by the first region. 

In accordance with yet still another aspect of the present invention, an integrated circuit is provided 
comprising a substrate, a resistor element formed on the substrate and comprising amorphousSixCl~x 
whereinO < x < 1, and wherein theSix Clx incorporates at least one impurity selected from the group 
consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, alumini 
phosphorus, gallium, arsenic, lithium, beryllium, sodium and magnesium, and a current conducting 
element formed on or in the substrate and contacting the resistor element with a contact area of no more 
than about 10-8 cm2. 

In accordance with yet a still further aspect of the present invention, a method of making an integrated 
circuit comprises providing a substrate, forming a resistor element on the substrate comprising 
amorphousSixClx whereinO < x < 1, and wherein theSixClx incorporates nitrogen as an impurity, 
annealing the resistor element at a first predetermined elevated temperature, and subsequently to the 
annealing of the resistor element, carrying out at least one further processing step at temperatures which 
not exceed the first predetermined elevated temperature. In an advantageous embodiment of the method 
dielectric layer is formed on the resistor element prior to annealing. 

The resistor materials employed in the present invention afford the ability to select their resistivity 
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throughout a wide range of values extending from approximately 1 ohm cm up to approximately 101 1 o 
cm through selection of the proportions of silicon and carbon as well as the selection of the concentratio 
of the impurity or impurities. In certain advantageous embodiments of a field emission device according 
the present invention, the resistor preferably has a resistivity ranging from 104 ohm cm to 1010 ohm cm 

The inventive resistor materials provide a high resistance to electrical breakdown which affords the abil: 
to incorporate a resistor element in the form of a thin layer in a field emission device. 

The resistor element can be formed as a film using low processing temperatures which permits the use c 
relatively inexpensive substrates. In addition, while it has been found that amorphous materials in gener 
are unstable so that their properties change undesirably when subjected to post-deposition processing at 
elevated temperatures, the relevant properties of annealed amorphous silicon carbide incorporating 
nitrogen as an impurity unexpectedly are substantially invariant despite such post-deposition processing 
provided that the temperature of the material does not exceed that to which it has been subjected 
previously. This stability greatly facilitates fabrication of subsequent layers, further annealing of the de\ 
and the addition of impurities thereto at elevated temperatures, as well as flat panel display tube sealing. 

Moreover, while it is necessary to heat crystalline silicon carbide to very high temperatures in order to 
make ohmic contact with this material, amorphous silicon carbide forms usable nearly ohmic contacts ai 
much lower temperatures, for example, by ambient temperature evaporation of metal to form such conte 
on the material. 

In several advantageous embodiments of the invention, the field emission device comprises at least one 
electron emitting structure and is formed on a substrate, the resistor element being formed integrally 
therewith and coupled to the emitting structure in order to couple the same to a cathode electrode. In 
applications such as flat panel displays, a plurality of electron emitting structures are employed. 

Advantageously, the cathode electrode is a conductive layer on the substrate and the resistor element is : 
contact with the conductive layer. In embodiments such as flat panel field emission display devices, the 
field emission device comprises an anode coated with phosphors to emit light upon receipt of energetic 
electrons from the emitting structures, and a gate is provided for controlling the application of electric 
fields to the electron emitting structures to regulate emission therefrom. The ability to fabricate the resis 
element at relatively low temperatures affords the selection of an inexpensive substrate material which i 
advantageously selected from the group consisting of ceramics, glasses, semiconductors, metals and allc 

Desirably, the field emission device is fabricated in a vertically integrated structure including a cathode 
electrode layer formed on a substrate, a resistor layer having a first surface on the cathode electrode lay* 
and a second surface opposite the first surface. The emitting structure is positioned on the second surfac 
of the resistor layer. While the art has taught away from the use of such structures since practical resisto 
layers must be kept quite thin and thus experience intense electric fields when breakdown occurs at the 
emitters, the resistor materials employed in field emission devices according to the present invention arc 
capable of withstanding such electric fields without breakdown. 

The above, and other objects, features and advantages of the invention, will be apparent in the following 
detailed description of certain illustrative embodiments thereof which is to be read in connection with th 
accompanying drawings forming a part hereof, and wherein corresponding parts and components are 
identified by the same reference numerals in the several views of the drawings. 

Brief Description of the Drawings 

Figures 1(a) throughl(d) schematically illustrate steps in fabricating a field emission device in accordanc 
with a first embodiment of the present invention; 
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Figures 2(a) and 2(b) schematically illustrate field emission devices in accordance with further 
embodiments of the present invention having respectively different cathode and extraction electrode 
structures; 

Figure 3 schematically illustrates a field emission device in accordance with another embodiment of the 
present invention in which a gate extraction electrode is fabricated onto a cathode structure; 
Figure 4 is a schematic illustration of still another embodiment of a field emission device in accordance 
with the present invention having a lateral resistor arrangement;; 

Figures 5(a) and 5(b) are schematic illustrations of field emission devices in accordance with still furthe 
embodiments of the present invention; 

Figure 6 is a schematic illustration of yet still another embodiment of a field emission device in accorda 
with the present invention incorporating a second resistor layer for protecting a gate dielectric against 
electrical breakdown; 

Figure 7(a) is a schematic illustration of a flat panel field emission display device in accordance with an 
embodiment of the present invention, and Figure 7(b) is a cross-sectional view of the device of Figure 7 
taken along the lines 7(b) - 7(b) thereof; 

Figure 8 is a schematic illustration of an integrated circuit field emission device in accordance with an 
embodiment of the present invention;; 

Figure 9 is a schematic illustration of an integrated circuit device incorporating a transistor and a resisto 
element in accordance with yet another embodiment of the present invention; and 
Figure 10 is a schematic illustration of an integrated circuit incorporating a capacitor and a resistor elem 
in accordance with still another embodiment of the present invention. 

Detailed Description of Certain Advantageous Embodiments 

Amorphous silicon carbide resistor elements can be formed having resistivities ranging from 1 ohm cm 
1011 ohm cm. This can be accomplished by selecting the silicon to carbon ratio, by introducing impuriti 
that act, at least in part, to terminate or eliminate dangling-bond defects, typically making the material 
more resistive, and/or donor or acceptor impurities at selected concentrations. In particular, nitrogen car 
act as a terminating species in amorphous silicon carbide, and can also form nitrides of silicon and/or 
carbon therein. In either case nitrogen serves to increase the resistivity of the amorphous silicon carbide, 
such that its resistivity increases with increasing nitrogen concentration. 

The ability to select the resistivity of this material within such a large range provides substantial flexibil 
in selecting device geometry, affording greater circuit density. For example, for flat panel display field 
emission cathodes having lateral resistor geometries, relatively low resistivities are required. 

However, vertical resistor geometries which afford greater circuit density require higher resistivities. 

For flat panel display field emission cathodes, for example, resistivities typically range from aboutl03 o 
cm to abouti09 ohm cm, preferably are in the range of about 104 ohm cm to about 108 ohm cm, and mos 
preferably are about 1 XI 05 ohm cm to 5 X 106 ohm cm. 

The introduction of a dangling-bond-terminating impurity or impurities in amorphous silicon carbide 
eliminates gap states and produces higher resistivity. 

The introduction of a dopant in amorphous silicon carbide introduces energy states in the band gap, whi 
tends to reduce resistivity. 

Amorphous silicon carbide resistor layers for field emission devices of the present invention may be 
formed by many deposition or film forming techniques. 

These permit precise selection of impurity concentrations, and a predetermined impurity concentration 
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profile which varies with film depth, as will be explained in greater detail below. Such techniques inclu< 
but are not limited to, RF glow discharge, plasma enhanced CVD (chemical vapor deposition) or PECV 
RF sputtering, ion cluster beam deposition, ion beam sputtering, reactive sputtering, microwave dischar; 
and photo CVD. 

Preferably, lower temperature deposition is employed to permit selection of the substrate from a wide 
variety of substrate types, such as low cost glass substrates. The resistor layers may be fabricated as 
continuous films or as non-continuous regions through etching, shadow masking during deposition, lift- 
etc. 

The layers are formed in thicknesses ranging from about 0.025 micron to about 10 micron, with a range 
about 0.1 micron to about 1 .0 micron being preferred and a range of about 0.2 micron to about 0.5 mien 
being most preferable. As noted above, low temperature deposition processes are preferred, and the 
substrate temperature can be room temperature or below. Smoother films are obtained at lower pressure 
(15 mTorr) with low substrate temperature. Deposition at a substrate temperature of about 2000C yields 
advantageously large optical gap. 

Substrate temperatures during deposition of silicon carbide of less than6O00C typically produce 
amorphous films. 

The resistor films are substantially amorphous. 

Such material is uniform and can be readily formed at low temperatures. Empirically, the films are 
considered herein to be amorphous if x-ray diffraction scans do not show the discrete, sharp peaks of 
scattered radiation that are observed from crystalline or polycrystalline solids. 

The resistivity of the silicon carbide films can be selected through the addition of dopant impurities sucl 
boron, phosphorus, aluminum and arsenic, which tends to lower the resistivity of the material. For 
example, boron or phosphorus may be introduced into the a-SiC film during deposition by introducing 
dopant gases diborane or phosphine typically at a flow rate which is about 1/100% of the total gas flow, 
dopant impurity can also be introduced directly into the target material. 

The concentrations of the impurity or impurities are selected to achieve the desired resistivity after 
processing has been completed. The resistivity of the amorphous silicon carbide film incorporating 
nitrogen deposited by sputtering at ambient temperature is increased by roughly one order of magnitude 
upon heating to about 4500C for fifteen minutes. A significant advantage of amorphous silicon carbide 
incorporating nitrogen is that its resistivity after heating at an elevated temperature up to at least 5000 C 
remains substantially invariant despite further processing at temperatures up to that elevated temperatun 
and without regard to processing time at such temperatures. This provides the advantage that processing 
temperatures and processing times can be selected freely without affecting the already determined 
resistivity of the film which affords repeatability and stability. Accordingly, in certain embodiments, the 
film is annealed after formation in order to determine its final resistivity so that it will be substantially 
unaffected by further processing at elevated temperatures which do not exceed the annealing temperatur 

In embodiments in which a dielectric layer, such as silicon dioxide or silicon nitride, is formed on a 
resistor layer of amorphous silicon carbide incorporating nitrogen as an impurity, the annealing step is 
preferably carried out after the formation of the dielectric layer. This makes it possible to anneal the 
resistor layer and the dielectric layer in a single step. 

It also results in a smaller change in the resistivity of the resistor layer material as a result of annealing. 
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An embodiment of a field emission device for use in a flat panel display and a method of fabricating the 
device will now be explained with reference to 
Figures 1(a) throughl(d). With reference first to 
Figurelea), a suitable substrate 1 is provided. 

Substrate materials which are suitable for this application include ceramics, glasses, semiconductors, 
metals and alloys or mixtures thereof. The ability to employ low device fabrication temperatures in this 
process permits the use of a low cost substrate material. 

Although not required in all fabrication procedures, one or more layers 2, for example spin-onglass or 
silicon dioxide, may be deposited on an upper surface of the substrate. The layer or layers 2 may be 
deposited, for example, by spin-on or sputter techniques, and can serve to planarize the fabrication surfa 
and/or electrically isolate the substrate from the active elements of the device. 

Next a cathode electrode layer or layers 3 are formed on the layer or layers 2. The layer(s) 3 
advantageously include a metal layer deposited by metal evaporation, sputtering or other technique kno^ 
to one skilled in the art, although other types of conductive materials, as well as semiconductive materia 
such as silicon, may be used to fabricate the cathode electrode layer(s) 3. 

The cathode electrode layer(s) 3 may be a continuous layer or may be patterned to form a plurality of 
separate cathode electrode layers, for example, to afford the ability to separately address individual pixe 
of the flat panel display. As an exemplary embodiment, the cathode electrode layer(s)3 may include a th 
layer of titanium (about 0.03 microns thick), deposited on the layer or layers 2 and a thicker layer of 
molybdenum (about 0.3 microns thick) deposited on the titanium layer. The titanium layer promotes 
adhesion of the cathode electrode layer to the substrate. In certain embodiments, the layer(s)3 comprises 
300 nm layer of nickel deposited on a substrate of Schott D-263 glass. 

Patterning may be accomplished by known shadow masking, lift-off or etch-back techniques. 

After the cathode electrode layer or layers 3 have been deposited, a resistor layer 4 of amorphous silicor 
carbide including at least one impurity is deposited. The value x is selected such that O < x < 1 and at lei 
one impurity is selected from the group consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, 
selenium, transition metals, boron, aluminum, phosphorus, gallium, arsenic, lithium, beryllium, sodium 
and magnesium. Hydrogen, oxygen, and the halogens act at least as terminating species in a-SiC, tendin 
to raise its resistivity. Nitrogen serves as a terminating species in a-SiC at low concentrations, and at hig 
concentrations acts both as a terminating species and forms nitrides of silicon and/or carbon.Nitrogen is 
preferred as the impurity since the resistivity of the layer 4 can be selectably and repeatably determined 
from the stoichiometry of the layer 4 and the maximum temperature to which the layer 4 is subjected. T] 
resistivity of amorphous silicon carbide films can also be selected by incorporating a dopant impurity. 

In certain embodiments, the resistor layer 4 is grown by RF sputtering using a Perkin-Elmer 4450 
Production Sputtering system at a power level of 1000W. 

The sputter target is a high-purity beta silicon carbide target produced by chemical vapor deposition. Th 
base pressure of the sputter chamber is set at about 10-6 Torr and the substrates to be coated are introduc 
via a load lock system. Prior to deposition of the layer 4, a sputter etch is performed in the chamber to 
remove contaminant layers from the cathode electrode layer(s) 3. 

When deposition is commenced, nitrogen gas and argon gas are introduced into the chamber at flow rate 
established by mass flow controllers. Argon flow typically is fixed at about 480 seem and the nitrogen 
flow is selected to achieve the desired resistivity thereof in the deposited resistor layer 4. The nitrogen fl 
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is typically about0.58 of the total gas flow. In certain embodiments the nitrogen flow rate is initially kep 
low so that a first region of the resistor layer 4 contiguous with the cathode electrode layer(s) 3 has a 
relatively low resistivity which provides a good ohmic contact of resistor layer 4 to the cathode electrod 
layer(s) 3. Then the nitrogen flow rate is increased to increase its concentration in the deposited material 
a second region contiguous with the first region to a level which provides the desired average overall 
resistivity of the layer 4 once processing is completed. Before the deposition of the layer 4 is completed 
the flow rate of the nitrogen is again reduced to produce a third region contiguous with the second regio 
and having a relatively low resistivity to make good ohmic contact with a plurality of field emitters 
described below. Preferably, the third region is also heavily doped to minimize or essentially eliminate 
variations in specific contact resistance with the field emitters. 

During the growth of resistor layer 4, the chamber pressure is typically about 23 mTorr. The substrates i 
rotated under the target during growth to ensure uniform coating. For example, a substrate in the form o 
4 inch wafer was placed upon a rotating platen. 

Coating of the wafer took place only 14% of the time. A measured deposition rate of 3.3 nm/min. was 
achieved. It is believed that the deposition temperature was approximately 700 C based on measuremem 
taken a few minutes after deposition. 

The impurity may also be introduced during growth from a solid or liquid source. Moreover, the impurii 
may also be incorporated in the layer 4 by implantation or diffusion. 

Like the layer(s) 3, the resistor layer 4 may be either continuous or patterned as a plurality of separate 
regions, for example, corresponding to separate regions of the layer(s) 3. Variations in resistor film 
thickness, film homogeneity, specific contact resistivity, contact area and resistor-film resistivity will 
change the current-limiting resistance to each emitter. The variation in the current-limiting resistance du 
to a variation in the specific contact resistivity can be minimized or eliminated by heavily doping the 
contact region and cleaning the surface prior to emitter deposition. The variation in the currentlimiting 
resistance due to the size of the emitter contact can be minimized by controlling the emitter deposition 
process, for example, by precise lithographic patterning. Amorphous silicon carbide films are intrinsical 
homogeneous on an appropriate scale. Film uniformity can be controlled by changing sample position 
relative to the target or targets (for example, by rotating the sample) during deposition, and controlling t 
gas composition and flow. 

After the resistor layer 4 has been deposited, referring to Figurel(b) a dielectric layer 5 is deposited on tl 
layer 4. The layer 5 may comprise, for example, sio2 or Si3N4 deposited by sputtering, plasmaenhancec 
chemical vapor deposition, low-pressure chemical vapor deposition or atmospheric chemical vapor 
deposition. Subsequently, a gate electrode layer 6 such as aluminum or nickel is deposited on the dieleci 
layer 5 by metal evaporation. 

Where the resistor layer is formed of amorphous silicon carbide incorporating nitrogen as an impurity, a 
noted above annealing of the resistor layer at a predetermined temperature will establish its resistivity at 
level that remains substantially invariant despite subsequent processing at temperatures up to the 
predetermined temperature. If the annealing step is carried out prior to the formation of the dielectric laj 
at a temperature of about 4500C for fifteen minutes, the resistivity of the amorphous silicon carbide lay* 
incorporating nitrogen will be increased by approximately one order of magnitude. 

However, if annealing of the resistor layer 4 is postponed until after the formation of the dielectric layer 
both of the layers 4 and 5 may be annealed in a single processing step. Moreover, the resistivity of the 
resistor layer 4 is changed as a result of annealing by an amount which is smaller than the order of 
magnitude change observed when annealing is carried out before formation of the dielectric layer. 
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As an example, amorphous silicon carbide layers incorporating nitrogen were formed by sputtering on 
nickel contacts and fiirther nickel contacts were formed on opposite sides of the silicon carbide layers. 
These structures were encapsulated in a plasma-enhanced chemical vapor deposited silicon dioxide film 
having a thickness of 3500 angstroms. The silicon dioxide was deposited at a substrate temperature of k 
than 3000C. 

Current- voltage data of the devices thus fabricated were then taken. Then the devices were annealed at 
4500C in a vacuum ambient ( < 10'6 Torr) for one hour. Further current-voltage data of these devices w< 
then obtained. 

The results indicated that the resistivity of the silicon carbide resistor layers had changed by a factor les; 
than 2. 

With reference now to Figurel(c), cavities 10 are formed in the layers 5 and 6 to define the locations of 1 
emitters and expose the upper surface of the resistor layer 4 on which the emitters will be formed, as 
described below. The pattern of the cavities 10 is defined by means of a patterned resist which leaves th 
positions of the cavities exposed, and then the layers 5 and 6 are etched at the exposed positions, for 
example, by a reactive ion etch which is halted once the resistor layer 4 is exposed. 

Thereafter microtip emitters 7 are formed on the exposed portions of the surface of resistor layer 4 in th< 
manner described in U.S. Patent No. 3,789,471 to 

Spindt. Essentially, at the same time that the metal forming the emitters is deposited from a source direc 
above the exposed surface of the device, a closure material is deposited from a source placed to the side 
the device so that the closure material strikes the exposed surface of the device at a glancing angle. At tl 
same time, the device is rotated so that the openings of the cavities 10 are gradually closed as the closur 
material is deposited and as the emitters 7 are formed in ever-decreasing diameters until the openings ar 
completely covered. Then the closure material is removed to expose the emitters 7 in the cavities lO.Thi 
process is carefully controlled through patterning and lithographic etching to ensure that the contact are* 
each emitter 7 with the surface of the resistor layer 4 is substantially the same as all others to avoid 
substantial variations in contact resistance which result in noticeably non-uniform brightness. The emitfc 
may be formed by depositing a first metal such as titanium which enhances adhesion, followed by 
depositing a second metal which readily emits electrons upon application of a suitable electric field. 
However, the emitters may also be formed by depositing a single metal such as molybdenum directly or 
the resistor layer 4. 

The areas exposed by each of the cavities 10 typically are each about 10-8 cm2. Accordingly, each of th 
microtip emitters 7 contacts the resistor layer 4 with an area of no more than about 10-8 cm2, and typica 
contacts the resistor layer 4 with an area of less than 10-8 cm2. The use of cermet and similarly granulai 
materials in the resistor layer 4 can result in substantial variations in contact resistance from emitter to 
emitter. The resistor layer 4 of the present invention, however, is far more uniform which thus affords ft 
less variation in contact resistance from emitter to emitter. 

In the embodiment of Figure 1, the gate electrode is formed as a plurality of electrodes when the cavitie: 
10 are formed to permit selective application of extraction voltage thereto. This enables the device to 
selectively activate the emitters 7 to emit electrons in order to produce a visible display on a phosphor- 
coated anode of a flat panel display (not shown for purposes of simplicity and clarity). 

Figure 2 (a) is a schematic illustration of another field emission device embodiment in which a cathode 
electrode layer 12 is formed on the surface of a substrate 1 1 by, for example, sputtering, CVD or 
evaporation. The substrate may be covered with one or more planarizing and/or insulating layers (not 
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shown for purposes of simplicity and clarity). A resistor layer 13 is formed as described above in 
connection with Figure 1(a) and has the same composition as resistor layer 4 of 

Figures 1(a) throughl(d). Emitters 14 can be formed as described above in connection with Figuresl(c) ai 
(d) through a patterned and etched dielectric layer (not shown for purposes of simplicity and clarity) 
followed by selective removal of the dielectric layer. 

Other techniques may be used to form the emitters 14. For example, in certain embodiments emitters 14 
take the form of carbon fibers catalytically grown in situ on the resistor layer 13. More specifically, cart 
fibers can be grown on the resistor layer 13 with a density greater than 0.1 fiber per square micron by (1 
the deposition and (if necessary) patterning of a metal catalyst such as Fe, Co or Ni on the resistor layer 
and then (2) heating in an atmosphere containing a hydrocarbon, carbon-containing compounds and/or 
carbon monoxide. Methods for growing such carbon fiber emitters are described in greater detail in the 
U.S. patent application entitled Carbon 
Fiber-Based Field Emission Devices, inventors: Xueping 

Xu, et al., filed concurrently herewith and assigned to the assignee of the present application, the entire 
disclosure of which is incorporated herein by reference. 

The emitters 14 can also take the form of carbon containing particles such as amorphous carbon, graphil 
diamond and/or crystalline silicon carbide deposited on the resistor layer 13. Such particles may be 
deposited by applying a suspension thereof in alcohol on the layer 13 by means of an air brush or by spi 
on. 

Methods for forming such emitters are described in U.S. 

patent application No. 08/269,283 filed June 29, 1994 entitled Structure and Fabrication of Electron- 
Emitting 

Devices Utilizing Electron-Emissive Particles which 
Typically Contain Carbon, inventors: Jonathan C. 

Twichell, et al., the entire disclosure of which is incorporated herein by reference. 

A grid extraction and control electrode 15 is spaced from the emitters 14. Electron emission from the 
emitters 14 is induced by applying a suitable voltage between the cathode electrode 12 and the grid 15. , 
region of below-atmospheric pressure separates the emitters 14 from the grid 15. The device of Figure 2 
may serve as an electron source for spectrometers or microscopes. It also provides advantages for high 
frequency devices since the current flows through a nearvacuum from the emitters at a rate much faster 
than in solids and the gate - cathode electrode capacitance is relatively small. 

Figure 2(b) is a schematic illustration of a field emission device having the same structure as that of Fig 
2(a), except that an anode 16 is employed as the extraction electrode in place of the grid 15 and emitters 
are formed by altering the morphology of a resistor layer 18, for example, by etching to produce microti 
19 followed by deposition of an electron emissive material 20 on the microtips 19. In Figure 2(b) each 
microtip 19 in effect acts as a separate resistor for the corresponding emitter 17. The anode 16 can be, ft 
example, a metal electrode or a metallized or conductive phosphor. The structure shown in Figure 2(b) 
may be used as a light source in which electrons emitted from the emitter 17 strike the phosphor causing 
light to be emitted. A simple display may be provided having separately addressable pixels each 
comprising the structure shown in Figure 2(b).More specifically, in an alternative embodiment a pluralil 
of separately electrically addressable phosphors are provided on a surface of anode 16 opposite the emit 
17 so that the phosphors may be scanned electrically to reproduce an image. 

When a small amount of current is emitted by the emitters 17, the voltage drop across the resistor layers 
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and 18 is relatively small compared to that between the cathode electrode layer 12 and the gate 15 (Figu 
2(a)) or anode 16 (Figure 2(b)). However, if the emitted current becomes large, a significant voltage dro 
will develop across the resistor layer 13 of Figure 2(a) or layer 18 of Figure 2(b). In these structures, the 
extraction electrode (gate 15 or anode 16) can be relatively far from the emitters 14 or 17 (typically mor 
than 10 microns), and a relatively large voltage must be applied between the gate 15 and emitters 14 
(Figure 2(a)) or the anode 16 and emitters 17 (Figure 2(b)) to induce emission. Accordingly, the resistor 
layers 13 and 18 must be provided with relatively large resistances to force a correspondingly greater 
voltage drop thereacross in order to provide a useful current limiting function. 

Figures 3 and 4 are schematic illustrations of vertical resistor and lateral resistor field emission device 
structures, respectively. The structure of the device of Figure 3 is essentially the same as that of 
Figurel(d) and includes a substrate 21, a cathode electrode layer 22 on the substrate 21, a resistor layer 2 
on the cathode electrode layer 22, emitters 24 on the resistor layer 23, a dielectric layer 26 on the resisto 
layer 23 and gate electrodes 25 on the dielectric layer 26. As in the device of Figures 1 and 2, the resistc 
layer 23 comprises amorphous silicon carbide incorporating at least one impurity selected from the grou 
consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, alumim 
phosphorus, gallium, arsenic, lithium, beryllium, sodium and magnesium.In the device of Figure 3, curr- 
flows mostly vertically from cathode electrode layer 22 through resistor layer 23 to emitters 24. The gat 
electrodes 25 are selectably addressable to turn on the pixels of a display using the Figure 3 device. 

The device of Figure 4 includes a substrate 31, resistor layer 33 on the substrate 31 and having the same 
composition as resistor layer 23 of Figure 3, a plurality of cathode electrodes 32 and emitters 34 formed 
the resistor layer 33, a dielectric layer 36 over the cathode electrodes 32 and a number of gate electrode* 
on the dielectric layer 36. The fabrication of the Figure 4 device is similar to that of Figures 1(a) through 

(d). 

However, the resistor layer 33 is formed directly on the substrate 31 and a cathode electrode layer is 
formed on the layer 33. The dielectric layer 36 is formed on the cathode layer 32 and a gate layer is forn 
on the dielectric layer 36.Then portions of the resistor layer 33 are exposed through the gate, dielectric a 
cathode layers and the emitters 34 are formed on the exposed portions of the layer 33. The vertical resisi 
structure of Figure 3 subjects the resistor layer to relatively higher electric fields than that of Figure 4. 

However, the resistor materials employed in the inventive devices are capable of withstanding such fiek 
without breakdown. Moreover, the structure of Figure 3 is relatively easier to make than that of Figure 4 
since the structure of Figure 4 requires additional smaller-scale lithography and accurate positioning of 
emitters 34 relative to the cathode electrodes 32. The device of 

Figure 3, unlike those of Figures 2(a) and 2(b) permits the use of lower extraction voltages applied 
between the gates 25 and the emitters 24. 

Figure 5(a) is a schematic illustration of yet another field emission device having an electrically insulati 

substrate 41, a cathode electrode layer 42 on the substrate 41, a continuous resistor layer 43 on the cathc 

electrode layer 42, a dielectric layer 46 on the resistor layer 43 and gate electrodes 45 on the dielectric 

layer 46. The resistor layer 43 is also comprised of the same material as resistor layer 23 of 

Figure 3. Microtip emitters 47 are formed in the same manner as emitters 7 of Figure 1(d) to produce fie: 

enhancing tips 48 which are then covered with an electron emissive material 44 by evaporation or 

sputtering. 

A further embodiment of such a device is illustrated schematically in Figure 5(b) in which elements 
corresponding to those in Figure 5(a) have the same reference numerals. The device of Figure 5(b) is 
provided with a discontinuous resistor layer 49 of the same material as layer 23 of Figure 3 comprising 
physically separated pedestals formed on cathode electrode layer 42 within wells formed in the dielectri 
layer 46. A microtip emitter 50 comprising an electron emissive material is supported on each pedestal < 
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the resistor layer 49.The device of Figure 5(b) is fabricated in essentially the same manner as that of 
Figures 1(a) throughl(d), but with the addition of a reactive ion etch to remove those portions of the resis 
material exposed between the emitters 50 and the edges of the wells formed in the dielectric layer 46 in 
order to pattern the resistor layer 49 as a plurality of separated pedestals. The embodiment of Figure 5(b 
provides reduced crosstalk between neighboring emitters. 

With reference now to Figure 6, a further embodiment of a field emission device is illustrated 
schematically therein having an electrically insulating substrate 51, a resistor layer 53 on the substrate 5 
cathode electrode layer 52 on the resistor layer 53, a plurality of microtip emitters 54 also on the resistoi 
layer 53, a dielectric layer 56 on the cathode electrode layer 52, a further resistor layer 57 on the dielecti 
layer 56 and a plurality of gate electrodes 55 formed on the further resistor layer 57. The resistor layer 5 
is formed of the same material as resistor layer 23 of 

Figure 3, Layer 53 serves to homogenize the electron beam intensity from emitter to emitter and serves 
limit current and can serve to prevent damage in the event of breakdown between the emitters 54 and th 
gate extraction electrodes 55. The further resistor layer 57 is formed of the same material as layer 53 an< 
serves to limit current and prevent damage in the event of breakdown in the dielectric layer 56 or in the 
resistor layer 53. The layer 57 together with the layer 53 may also provide the ability to withstand great* 
breakdown voltages than the layer 53 can withstand by itself, especially where the thickness of layer 53 
cannot be increased to provide this capability. For example, the thickness of layer 53 may be limited to 
avoid cracking and delamination, and/or to prevent emitter interaction. 

Also, the device may be provided with a positive gate bias voltage with respect to the cathode electrode 
layer 52 applied through the resistor layer 57 so that a current flows from the emitters 54 through the ga 
electrodes 55 to the layer 57. The gate electrodes 55 thus absorb a fraction of the emitter current and the 
further resistor layer 57 functions to lower the voltage level of the gate electrodes 55 in order to limit th< 
emitter current. 

Figures 7(a) and 7(b) schematically illustrate a flat panel field emission display device in accordance wi 
a further embodiment of the present invention. 

Figure 7(a) schematically illustrates the device as viewed through a transparent phosphor substrate 110; 
transparent conductor layer 109 illustrated in Figure 7(b) which is a cross-sectional view taken along the 
lines 7(b) and 7(b) of Figure 7(a). 

With reference in particular to Figure 7(b) a field emission cathode device 1 12 is formed on a substrate 
101. Cathode electrodes 102 of the field emission cathode device 1 12 are formed on an upper surface of 
the substrate 101 as a plurality of parallel row electrodes as illustrated in Figure 7(a). A resistor layer 10 
comprising the same material as the resistor layer 23 of Figure 3, is formed on the cathode electrodes 1C 
A dielectric layer 104 is formed on the resistor layer 103. A number of apertures 104a extend through th 
dielectric layer 104 to the resistor layer 103 over the cathode electrodes 102 and concentrated in emitter 
clusters 104b as seen in Figure 7(a). Electron emitters 106 are formed on the resistor layer 103 in the 
apertures 104a. A plurality of gate electrodes 105 are formed on the dielectric layer 104 adjacent the 
apertures 104a and arranged in a plurality of separately addressable columns as best seen in Figure 7(a). 

With reference to Figure 7(b) the transparent phosphor substrate 1 10 is spaced from the field emission 
cathode device 1 12 opposite the electron emitters 106 thereof. The transparent conductor 109 comprisin 
for example, indium tin oxide (ITO) is formed on a surface of the substrate 1 10 opposite the field emiss: 
cathode device 1 12. In the alternative, a transparent semiconductor may be substituted for conductor 10' 
A plurality of phosphor disks 108 are formed on the transparent conductor 109 such that each is arrange 
opposite a respective emitter cluster 104b including a plurality of respective electron emitters 106. A 
belowatmospheric pressure region 1 1 1 is formed between the phosphor disks 108 and the electron emitt 
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106. 

In operation, each of the phosphor disks 108 is selected as appropriate to emit light by selectively 
projecting an electron beam thereon from the electron emitters 106 of the corresponding emitter cluster 
104b in order to produce a desired image. The electron beam is controlled by selectively applying 
appropriate voltage levels to the corresponding cathode electrode 102 and gate electrode 105 so that a 
sufficient voltage drop is produced between the selected gate electrode and cathode electrode to cause tl 
electron emitters of the corresponding emitter cluster to emit an electron beam toward the phosphor 108 
positive voltage level with respect to the emitters 106 is applied to the transparent conductor 109 so that 
the emitted electrons are received by the selected phosphor disk 108 which then emits light through the 
transparent conductor 109 and transparent phosphor substrate 1 10. 

Figure 8 schematically illustrates a still further field emission device having an electrically insulating 
substrate 70, a cathode electrode layer 72 on the substrate 70, a resistor layer 74 on the cathode electrod 
layer, a first dielectric layer 76 on the resistor layer 74, a gate layer 78 on the first dielectric layer 76 
comprising a plurality of gate electrodes, and a second dielectric layer 80 on the gate layer 78. The resis 
layer 74 is formed of the same material as resistor layer 23 of Figure 3. Apertures 82 are formed in the 
dielectric layers 76 and 80 and the gate layer 78, and a plurality of microtip emitters 84 are formed in th 
apertures on the exposed surface of the resistor layer 74. 

Each aperture 82 is capped by a respective anode electrode of an anode layer 86 formed for example by 
glancing incidence metal evaporation from a source offset from the device. The device is rotated as the 
anode material is deposited in order to provide uniform deposition of the material. Patterning and etchin 
may be used to form individual elements. Where the device of 

Figure 8 is to be used as a flat panel display, the anode material is a light transmissive conductor, such a 
indium-tin oxide (ITO), or semiconductor material, coated with a phosphor. Where the device of Figure 
is an array of active circuit elements not serving as a display, the anode material may be, for example, a 
metal or other conductive or semiconductive material. 

The resistor layer 74 preferably comprises a first, lower region 88 having a relatively low concentration 
a dangling-bond-terminating impurity and/or relatively high level of a dopant impurity to provide 
relatively low resistivity to produce a good ohmic contact with the cathode electrode layer 72. The layer 
has a second, middle region 90 of relatively high resistivity due to a relatively high concentration of a 
dangling-bond-terminating impurity selected to assist in defining the overall, average resistivity of the 
resistor layer 74. Finally, the resistor layer 74 has a third, upper region 92 of relatively low resistivity HI 
the first region 88 to afford good ohmic contact with the microtip emitters 84. 

Figure 9 is a schematic illustration of an integrated circuit comprising a transistor 100 and a load resisto: 
element 102 comprised of the same material as the resistor layer 23 of Figure 3. The transistor 100 
includes a collector region 106, a base region 108 and an emitter region 1 10, each formed, for example, 
implantation or diffusion of suitable dopants in a semiconductor substrate 1 12. A dielectric layer 1 14 is 
formed on an upper surface of the substrate 100. 

An aperture 1 16 is formed through the dielectric layer 1 14 to the upper surface of the substrate and the 
collector region 106. The load resistor element 102 is grown or deposited in the aperture 1 16 to have a 
first, lower region 120 of relatively low resistivity forming a good ohmic contact with the collector regie 
106, a second, middle region 122 of relatively higher resistivity contiguous with the region 120 defining 
the average, overall resistivity of the resistor element 102, and a third, upper region 124 of relatively lov 
resistivity contiguous with the second region 122. Apertures are formed through the dielectric layer 1 14 
the base region 108 and the emitter region 110, and metallization patterns 130, 132, and 134 are formed 
an upper surface of the layer 1 14 to provide contacts respectively for the base region 108, the emitter 
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region 1 10 and a first terminal of the resistor element 102 opposite its connection to the collector region 
106. A further aperture through the dielectric layer 1 14 (not shown for purposes of simplicity and claritj 
and associated metallization pattern provides electrical contact with the collector region 106. The upper, 
low resistivity region of the resistor element 102 provides good ohmic contact with the metallization 
pattern 134. 

The device of Figure 9 can serve, for example, as a pull-down output of an integrated logic circuit or as 
amplifier or other active device in an analog integrated circuit. 

With reference now to Figure 10, an integrated circuit 150 is illustrated in cross-section therein which 
includes the series connection of a capacitor and a resistor element comprised of the same material as th 
resistor layer 23 of Figure 3. The integrated circuit 150 includes a semiconductor substrate 152 in which 
conductive or semiconductive region 154 has been formed through an upper surface thereof, for exampl 
by implantation or diffusion of a dopant impurity. A dielectric layer 158 is formed on the upper surface 
the substrate 152 and an aperture 160 is formed through the dielectric layer 158 to the upper surface of t 
substrate 152 and of the region 154. A resistor element 162 is grown or deposited in the aperture 160 to 
have a first, lower region 164 of relatively low resistivity forming a good ohmic contact with the region 
154, a second, middle region 168 of relatively higher resistivity contiguous with the region 164 defining 
the average, overall resistivity of the resistor element 162, and a third, upper region 170 of relatively lo\ 
resistivity contiguous with the second region 168. A metallization pattern 174 is formed on an upper 
surface of the dielectric layer 158 to provide a contact with a first terminal of the resistor element 162. / 
second opposite terminal of the resistor element 162 makes a substantially ohmic contact with the regioi 
154. 

A second metallization pattern 178 is formed on the upper surface of the dielectric layer 158 opposite th 
region 154, so that the region 154 and the metallization pattern 178 form opposing plates of a capacitor 
separated by the dielectric layer 158. 

It will be appreciated that integrated circuit of Figure 1 0 provides a series connection of the resistor 
element 162 with the capacitor formed by the region 154, metallization pattern 178 and dielectric layer : 
therebetween. In order to arrange the resistor element in parallel with the capacitor in certain other 
embodiments, the metallization pattern 174 is connected to the metallization pattern 178 or else a single 
metallization pattern including both patterns 174 and 178 of Figure 10 is formed on the upper surface ol 
the substrate 158. 

Although specific embodiments of the inventions have been described in detail herein with reference to 
accompanying drawings, it is to be understood that the invention is not limited to those precise 
embodiments, and that various changes and modifications may be effected therein by one skilled in the ; 
without departing from the scope or spirit of the invention as defined in the appended claims. 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: WO9723002 [ Translate thjs text 



WHATI8 CLAIMED 18: 

1 . A field emission device having a resistor element which comprises amorphousSi,Cl,x wherein O < x 
1, wherein theSix Clx incorporates at least one impurity selected from the group consisting of hydroger. 
halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, aluminum, phosphorus, gallium 
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arsenic, lithium, beryllium, sodium and magnesium. 

2. A field emission device according to claim 1, wherein theSi,Cl-x has a resistivity ranging from 104 o 
cm to 1010 ohm cm. 

3. A field emission device according to claim 1, wherein theSi,Cl-x incorporates at least one impurity 
selected from the group consisting of hydrogen, halogens, nitrogen, and oxygen. 

4. A field emission device according to claim 3, wherein theSi,Cl-x incorporates nitrogen as an impurit 

5. A field emission device according to claim 4, wherein the nitrogen is incorporated in theSi,Cl-x at le; 
in part as a terminating species. 

6. A field emission device according to claim 4, wherein the nitrogen is incorporated in theSixClx at lei 
in part in the form of a nitride. 

7. A field emission device according to claim 1, wherein theSiXCl~x incorporates at least one impurity 
selected from the group consisting of sulphur, selenium, transition metals, boron, aluminum, phosphoru: 
gallium, arsenic, lithium, beryllium, sodium and magnesium. 

8. A field emission device according to claim 1, further comprising at least one electron emitting structu 
and wherein said device is formed on a substrate and said resistor element is formed integrally therewitl 
and coupled to said emitting structure. 

9. A field emission device according to claim 8, wherein the emitting structure is coupled to the resistor 
element by direct contact therewith over an area of no more than about 10-8 cm2. 

10. A field emission device according to claim 8, wherein the emitting structure is coupled electrically 
through the resistor element to a cathode electrode. 

1 1. A field emission device according to claim 8, wherein the at least one electron emitting structure 
comprises a plurality of electron emitting structures. 

12. A field emission device according to claim 10, wherein the cathode electrode comprises a cathode 
electrode layer on the substrate, the resistor element comprises a resistor layer having a first surface on 1 
cathode electrode layer and a second surface opposite the first surface, and the emitting structure is on tl 
second surface of the resistor layer. 

13. A field emission device according to claim 8, wherein the substrate comprises at least one material 
selected from the group consisting of ceramics, glasses, semiconductors, metals and alloys. 

14. The field emission device according to claim 8, further comprising a gate for controlling the 
application of electric fields to the electron emitting structure. 

15. The field emission device according to claim 8, further comprising an anode. 

16. The field emission device according to claim 15, wherein the anode comprises a phosphor positioner 
to receive electrons from the at least one electron emitting structure to thereby emit light. 

17. The field emission device of claim 16, wherein the anode comprises a plurality of separately 
addressable phosphors. 



file://C:\Documents and Settings\ForsellK\My Documents\EPOV3\JP2000502492T.html 07/24/2008 



JP2000502492T 



Page 17 of 22 



18. The field emission device according to claim 10, wherein the cathode electrode comprises a cathode 
electrode layer on the substrate and said resistor element is in contact with said cathode electrode layer. 

19. The field emission device according to claim 8, wherein the resistor element comprises a plurality o: 
resistor regions arranged on a surface of the substrate. 

20. The field emission device of claim 8 5 comprising a plurality of electron emitter structures arranged a 
plurality of field emission cathode regions each having a plurality of electron emitter structures, the 
plurality of field emission cathode regions being spaced apart on the substrate. 

21. The field emission device of claim 20, further comprising a dielectric region formed on the substrate 
the dielectric region having a plurality of apertures therethrough defining the field emission cathode 
regions; and a plurality of gate electrodes formed on a surface of the dielectric region opposite the 
substrate. 

22. The field emission device according to claim 21, further comprising a plurality of row electrodes 
forming portions of a surface of the substrate, and wherein said electron emitter structures form a plural: 
of field emission cathode regions arranged in a rectangular pattern over the plurality of row electrodes, t 
the plurality of gate electrodes are arranged in a plurality of columns with respect to the rectangular patt 
of the plurality of field emission cathode regions. 

23. A method of emitting electrons from a field emission device comprising: 

providing a field emission device mounted on a substrate, wherein said field emission device comprises 
least one electron emitting structure and a resistor element coupled with the emitting structure; and 
applying an electric field to the emitting structure such that electric current is conducted through the 
resistor element to the emitting structure and electrons are emitted therefrom, 

wherein said resistor comprises amorphousSixCi wherein O < x < 1 and theSixC 1-x incorporates at leas 
one impurity selected from the group consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, 
selenium, transition metals, boron, aluminum, phosphorus, gallium, arsenic, lithium, beryllium, sodium 
and magnesium. 

24. The method according to claim 23, wherein the amorphousSi,Cl-x contains at least one impurity 
selected from the group consisting of hydrogen, halogens, nitrogens, and oxygen. 

25. The method according to claim 24, wherein the amorphousSixCl~x contains nitrogen as an impurity 

26. The method according to claim 25, wherein the nitrogen is incorporated in the amorphousSixC 1-x z 
least in part as a terminating species. 

27. The method according to claim 25, wherein the nitrogen is incorporated in the amorphousSixC 1-x z 
least in part in the form of a nitride. 

28. The method according to claim 23, wherein the amorphousSixC 1-x contains at least one impurity 
selected from the group consisting of sulphur, selenium, transition metals, boron, aluminum, phosphoru: 
gallium, arsenic, lithium, beryllium, sodium and magnesium. 

29. The method according to claim 23, further providing an extraction electrode opposite the emitting 
structure and applying a voltage between the resistor element and the extraction electrode to apply the 
electric field to the emitting structure. 
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30. The method according to claim 23, further providing a phosphor plate opposite said emitting structu 
to receive electrons therefrom and emit light in response to the received electrons. 

31. A method of making a field emission device comprising forming a resistor element on a substrate, tl 
resistor element comprising amorphousSi,Cl-x wherein 

O < x < 1 and the amorphousSixC 1-x incorporates at least one impurity selected from the group consist) 
of hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, aluminum, 
phosphorus, gallium, arsenic, lithium, beryllium, sodium and magnesium, and forming at least one elect 
emitting structure on the substrate coupled with the resistor element. 

32. The method according to claim 3 1 , wherein the amorphousSixC 1-x incorporates at least one impuril 
selected from the group consisting of hydrogen, halogens, nitrogen and oxygen. 

33. The method according to claim 32, wherein the amorphousSi,Cl,x incorporates nitrogen as an impur 

34. The method according to claim 33, wherein the nitrogen is incorporated in theSixC 1-x at least in pa 
as a terminating species. 

35. The method according to claim 33, wherein the nitrogen is incorporated in theSiXcl~x at least in pai 
as a nitride. 

36. The method according to claim 3 1 , wherein the amorphousSixC lx incorporates at least one impurit) 
selected from the group consisting of sulphur, selenium, transition metals, boron, aluminum, phosphoru: 
gallium, arsenic, lithium, beryllium, sodium and magnesium. 

37. The method according to claim 3 1 , wherein the resistor element is a resistor film and the at least one 
electron emitting structure is formed on the resistor film. 

38. The method according to claim 31, further comprising forming a cathode electrode on the substrate, 
and wherein the resistor film is formed on the cathode electrode such that the resistor film is positioned 
between the cathode electrode and the at least one electron emitting structure. 

39. The method according to claim 31, wherein the resistor element has a resistivity ranging from 104 a 
to 1010 cm. 

40. The method according to claim 31, wherein the impurity is incorporated into the amorphousSi,Cl-x 
ion implantation or diffusion, or during growth of the amorphousSixCix 

41. The method according to claim 37, wherein the resistor film has a thickness ranging from about 0.0^ 
micron to about 10 micron. 

42. The method according to claim 41 , wherein the resistor film has a thickness ranging from about 0.1 
micron to about 1 .0 micron. 

43. The method according to claim 42, wherein the resistor film has a thickness ranging from about 0.2 
micron to about 0.5 micron. 

44. The method according to claim 3 1 , comprising the steps of: 
forming a cathode electrode layer on a surface of the substrate; 
forming the resistor element on the cathode electrode layer; 
forming a dielectric layer on the resistor element; 

forming a gate electrode on the dielectric layer; 
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forming a gate cavity in the dielectric layer and gate electrode to expose a portion of the resistor elemen 
and 

forming the emitting structure on the exposed portion of the resistor element. 

45. The method according to claim 31, comprising the steps of: 
forming a cathode electrode layer on a surface of the substrate; 
forming the resistor element on the cathode electrode layer; 
forming the emitting structure on the resistor layer; and 
forming an extraction electrode opposite the emitting structure. 

46. The method according to claim 31, comprising the steps of: 
forming a cathode electrode layer on a surface of the substrate; 

forming the resistor element comprising resistor microtips on the cathode electrode layer; 
forming the emitting structure on the resistor microtips; and 
forming an extraction electrode opposite the emitting structure. 

47. The method according to claim 31, comprising the steps of: 
forming a cathode electrode layer on the substrate; 

forming the resistor element on the cathode electrode layer; 

forming a patterned dielectric layer on the resistor element producing an exposed portion of the resistor 
element; 

forming a gate electrode on and corresponding to the patterned dielectric layer; and 
forming the emitting structure on the exposed portion of the resistor element. 

48. The method according to claim 3 1 , comprising the steps of: 
forming the resistor element on the substrate; 

forming a cathode electrode layer on the resistor element; 
forming a dielectric layer on the cathode electrode layer; 
forming a gate electrode on the dielectric layer; 

exposing a portion of the resistor layer through the gate electrode, dielectric layer and cathode electrode 
layer; and 

forming the emitting structure on the exposed portion of the resistor layer. 

49. The method according to claim 31, comprising the steps of: 
forming a cathode electrode layer on a surface of the substrate; 

forming the resistor element comprising resistor microtips on the cathode electrode layer; 
forming a patterned dielectric layer on the resistor element creating exposed portions of the resistor 
element comprising the resistor microtips; 

forming a gate electrode on and corresponding to the patterned dielectric layer; and 
forming the emitting structure on the resistor microtips. 

50. The method according to claim 31, comprising the steps of: 
forming a cathode electrode layer on a surface of the substrate; 

forming the resistor element comprising electrically isolated resistor microtips on the cathode electrode 
layer; 

forming a patterned dielectric layer on the resistor element or the cathode electrode layer creating expos 
portions of the resistor element; 

forming a gate electrode on and corresponding to the patterned dielectric layer; and 
forming a plurality of emitting structures on the exposed portions of the resistor element. 

51. The method according to claim 50, comprising etching the exposed portions of the resistor element 1 
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form resistor pedestals for the emitting structure. 

52. The method according to claim 5 1 , comprising etching the exposed portions of the resistor element i 
that the resistor pedestals are separated from remaining portions of the resistor element. 

53. The method according to claim 3 1 , comprising the steps of: 
forming the resistor element on the substrate; 

forming a patterned cathode electrode layer on the resistor element creating exposed portions of the 
resistor element; 

forming a patterned dielectric layer on and corresponding to the patterned cathode electrode layer; 
forming a patterned second resistor element on and corresponding to the patterned dielectric layer; 
forming a patterned gate electrode on and corresponding to the patterned second resistor element; and 
forming the emitting structure on the exposed portions of the resistor element. 

54. The method according to claim 3 1 , comprising the steps of: 

forming a patterned resistive film of the resistor element onto a surface of the substrate; 
forming a patterned dielectric film onto the surface of the substrate and/or on a portion of the resistive fi 
forming a patterned gate metal film onto and corresponding to the patterned dielectric film; and 
forming the electron emitter structure coupled with the resistor film. 

55. An integrated circuit comprising: 
a substrate; 

a resistor layer comprising amorphousSixCl~x wherein 0 < x < 1, and wherein theSixC 1-x incorporates 
least one impurity selected from the group consisting of hydrogen, halogens, nitrogen, oxygen, sulphur, 
selenium, transition metals, boron, aluminum, phosphorus, gallium, arsenic, lithium, beryllium, sodium 
and magnesium; and 
a first current conducting layer; 

the resistor layer having a first region of first resistivity contiguous with the first current conducting lay* 
and a second region of second resistivity higher than the first resistivity and contiguous with the first 
region, the second region being spaced from the first current conducting layer by the first region; 
a first one of the resistor layer and the first current conducting layer being on the substrate and a second 
one of the resistor layer and the current conducting layer being on the first one thereof. 

56. The integrated circuit of claim 55, wherein theSixCl~x incorporates at least one impurity selected fn 
the group consisting of hydrogen, halogens, nitrogen and oxygen. 

57. The integrated circuit of claim 56, wherein theSi,Cl,x incorporates nitrogen as an impurity. 

58. The integrated circuit of claim 57, wherein the nitrogen is incorporated in theSi,Cl,x at least in part i 
terminating species. 

59. The integrated circuit of claim 57, wherein the nitrogen is incorporated in theSixC 1-x at least in par 
the form of a nitride. 

60. The integrated circuit of claim 55, wherein theSixC 1-x incorporates at least one impurity selected fi 
the group consisting of sulphur, selenium, transition metals, boron, aluminum, phosphorus, gallium, 
arsenic, lithium, beryllium, sodium and magnesium. 

61. The integrated circuit of claim 55, wherein the resistor layer is on the substrate and the first current 
conducting layer is on the resistor layer. 
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62. The integrated circuit of claim 55, wherein the first current conducting layer is on the substrate and 1 
resistor layer is on the current conducting layer. 

63. The integrated circuit of claim 55, wherein the first current conducting layer comprises a metal. 

64. The integrated circuit of claim 55, wherein the first current conducting layer comprises a 
semiconductor material. 

65. The integrated circuit of claim 55, wherein the resistor layer is coupled in current conducting relatio: 
with a current utilization device. 

66. The integrated circuit of claim 65, wherein the current utilization device comprises a field emission 
device. 

67. The integrated circuit of claim 65, wherein the current utilization device comprises a transistor. 

68. The integrated circuit of claim 65, wherein the current utilization device comprises a capacitor. 

69. The integrated circuit of claim 55, further comprising a second current conducting layer contacting t 
resistor layer at a surface thereof opposite the first current conducting layer, the resistor layer having a 
third region adjacent the second current conducting layer having a third resistivity lower than the seconc 
resistivity. 

70. A method of making an integrated circuit, comprising: 
providing a substrate; 

forming a first layer on the substrate; and 
forming a second layer on the first layer; 

a first one of the first and second layers comprising a resistor layer comprising amorphousSiXcl~x whei 
O < x < 1, wherein theSiXCl-x incorporates at least one impurity selected from the group consisting of 
hydrogen, halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, aluminum, phosphor 
gallium, arsenic, lithium, beryllium, sodium and magnesium and a second one of the first and second 
layers comprises a current conducting layer, the resistor layer having a first region of first resistivity 
contiguous with the current conducting layer and a second region of second resistivity higher than the fi 
resistivity and contiguous with the first region, the second region being spaced from the current conduct 
layer by the first region. 

71. The method of claim 70, wherein the first and second resistivities of the first and second regions of 1 
resistor layer are formed by varying a concentration of the at least one impurity between the first and 
second regions. 

72. The method of claim 70, wherein theSixClx incorporates at least one impurity selected from the gro 
consisting of hydrogen, halogens, nitrogen, and oxygen. 

73. The method of claim 72, wherein theSixClx incorporates nitrogen as an impurity. 

74. The method of claim 73, wherein the nitrogen is incorporated in theSixC 1-x at least in part as a 
terminating species. 

75. The method of claim 73, wherein the nitrogen is incorporated in theSixC 1-x at least in part in the fo 
of a nitride. 
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76. The method of claim 71 , wherein theSi,Cl,x incorporates at least one impurity selected from the groi 
consisting of sulphur, selenium, transition metals, boron, aluminum, phosphorus, gallium, arsenic, lithiu 
beryllium, sodium and magnesium. 

77. The method of claim 71, wherein the impurity is added to the resistor layer as it is formed. 

78. An integrated circuit comprising: 
a substrate; 

a resistor element formed on the substrate and comprising amorphousSi,CI-x wherein 0 < x < 1, and 
wherein theSx C 1-x incorporates at least one impurity selected from the group consisting of hydrogen, 
halogens, nitrogen, oxygen, sulphur, selenium, transition metals, boron, aluminum, phosphorus, gallium 
arsenic, lithium, beryllium, sodium and magnesium; and 

a current conducting element formed on or in the substrate and contacting the resistor element with a 
contact area of no more that about 10-8 cm2. 

79. The integrated circuit of claim 78, wherein the current conducting element comprises a field emissic 
device. 

80. The integrated circuit of claim 78, wherein the current conducting element comprises a transistor. 

81. The integrated circuit of claim 78, wherein the current conducting element comprises a capacitor. 

82. A method of making an integrated circuit, comprising: 
providing a substrate; 

forming a resistor element on the substrate comprising amorphousSi,Cl-x whereinO < x < 1, and whereii 
theSixC 1-x incorporates nitrogen as an impurity; 

annealing the resistor element at a first predetermined elevated temperature; and 

subsequently to the annealing of the resistor element, carrying out at least one further processing step at 

temperatures which do not exceed the first predetermined elevated temperature. 

83. The method of claim 82, wherein the at least one further processing step comprises at least one of 
depositing a layer on the integrated circuit, further annealing the integrated circuit, incorporating a furth 
impurity in the integrated circuit, and encapsulating the integrated circuit. 

84. The method of claim 82, further comprising forming a dielectric layer on the resistor element. 

85. The method of claim 84, wherein the annealing step is carried out after the step of forming the 
dielectric layer. 

86. The method of claim 85, wherein the dielectric layer comprises silicon dioxide. 

87. The method of claim 85, wherein the dielectric layer comprises silicon nitride. 
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